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mutation of the chromosome drug resistance. This is because plasmids code for large 
proteins which inactivate or attack the antibiotics. Mutations usually modify an essential 
drug target site in the bacteria. It is difficult to produce multiple antibiotic resistance by 
mutation alone because the combinations needed to effect all the sites under attack all at 
the same time is nearly impossible. The plasmids can instruct the cell to produce 
substances which counterattack the antibiotics making the bacteria much better protected. 


Mutation alone almost never produces new enzymes that will attack antibiotics. 
Nature has had millions of years of evolution and recent selection in modern hospitals to 
do just that. The ability to detoxify an antibiotic may have originated in the soil since 
bacteria in the soil are the source of most known antibiotics. [Nature conducts warfare 
and weapons development daily at the level of the bacteria]. 


Hospitals which use antibiotics to treat skin infection are the richest source of R- 
plasmid containing bacteria. Livestock herds fed antibiotics are another good source. 
These bacteria can be used as donors for weapons grade bacteria. The bell curve weapons 
can be enhanced by the inclusion of large numbers of plasmid carrying strains with 
various toxin, virulence and antibiotic resistance genes. 


R plasmids code for proteins which inactivate antibiotics. Some R plasmids have 
been discovered which produce proteins that protect bacteria from heavy metal toxins 
like mercury, lead and silver. Bacteria growing in water with photochemical pollutants 
have been found with plasmids that code to reduce silver ions to a harmless metallic 
silver form. This plasmid is passed between bacteria species allowing them to live in 
pollution of this type. 


Another class of plasmids are those with virulence factors. Virulent E-coli strains 
can have the ability to produce pili which allow them to attach to and colonize the upper 
intestine. They also have the ability to produce and excrete a toxin that damages intestinal 


tissues. Both of these traits are borne on different plasmids. One or both can be 
transferred during conjugation. 


Some bacteria produce plasmids called bacteriocins. These are a special class of 
toxins that the bacteria produce that kills other bacteria around it but not itself. The host 
bacteria is protected from the toxin action while members of its same species or other 
species without the protective gene are killed. There are many of these toxins. In E-coli 
the El bacteriocin damages the cytoplasmic membrane, E2 attacks DNA, E3 cleaves 
ribosomal subunits and thereby stops protein synthesis. In E-coli the toxins are called 
colicins while in Pseudomonas they are called piocins and so on. The same bacteriocin 
can be produced in slightly different forms by different strains of the same species. 


All bacteriocins form two groups of similar acting agents. The first is represented 
by the colicins which are produced as a pure protein molecule or a molecule attached to 
the outer membrane of the producer cell. It is often found complexed at a surface antigen 
of the host cell. Pyocin R from Psuedomonas closely resembles the structure of a 
bacteriophage except it has no DNA associated with it. It has been assumed to be the 
remnants of a defective prophage. 


Bacteriocins are produced all the time in mixed culture growths (and in pure 
growths as well). They inhibit the growth of other bacteria around them that are not 
resistant to this particular substance. 


All these plasmids confer on the bacteria improved survival. Many of these are 
produced in rare environmental conditions and are often lost to the bacteria as conditions 
change. The plasmids are reproduced at different time intervals in the cells and the same 
number of copies may not be made in each cell during cell division. This results in 
occasional daughter cells losing one plasmid while retaining another. F plasmids 
generally exist at 1-2 copies per cell but some may have many copies. Plasmids other 
than F plasmids may be copied many times. Some plasmids in the mold Streptomyces 
may have copy numbers as high as 800. The plasmids in these cultures usually cause 
“pock formations” from a delay in the production of aerial mycelia and spores. 


Some of these plasmids transfer at rates different than the F plasmid and may only 
be transferred by conjugation in about 1 per 1,000 cells. Others may transfer to nearly all 
other nearby cells. Some small plasmids are not self transmissible but can transfer over 
the conjugation bridge with other plasmids. Others are ready made for packaging and 
transfer by bacteriophage. 


There is a preference for shorter plasmids to be selected in nature and produced in 
cells from larger plasmids. This is due to large plasmids retarding effect on cell growth. 
Shortening of the plasmids occur from recombination events. 


E-coli are the most popular species for plasmid exchange and genetic cloning 
experiments. This is due to its ability to be transformed by a wide variety of plasmids 
from many different bacteria species. The entire E-coli genome can be carried by 


different plasmids and the chart below shows the F plasmids that carry extra chromosome 
information. These are represented by each of the segments with an arrow showing the 
point of origin from the original Hfr strain. The dashed line which extend out from the 
genetic markers indicate the approximate termini for each of the F plasmids. The black 
rectangles represent deletions from the original DNA. As you can see, the entire E-coli 
genome is carried by different plasmids and can be exchanged among E-coli constantly. 


E-coli are reported to have more than 300 naturally occurring plasmids found 
among its species. Some of these produce no visible effects on the bacteria (or other 
species) and are called cryptic plasmids. Most plasmids are capable of mobilizing part 
and in some cases all of the bacteria DNA for transfer under the right circumstances. 


The Hfr gene can be transferred from E-coli to other enteric bacteria such as 
Salmonella species. By transferring the F plasmid from E-coli to S. typhimurium a new 
Hfr Salmonella cell can be produced. The genetic map is longer for Salmonella than E- 
coli and takes about 135 minutes to run instead of 100 minutes. Many of the parts of the 


two genetic maps are homologous (easily recombined because they code for similar 
proteins and have the same starting and ending sequences). 


The genus Pseudomonas has a great nutritional diversity among its species. It 
harbors many types of plasmids and it has been determined that every Pseudomonas 
harbors at least one prophage. The genome size is smaller than that of E-coli at about 75 
minutes. 


The genus Streptococcus has some conjugative plasmids that also direct the 
production of a pheromone that elicits mating aggregates to form around the plasmid 
carrying cell. This pheromone increases plasmid transfer by about 200-300%. 


Agrobacterium are unique in that they transfer DNA from their own bacteria 
genome to the plant that they inhabit. In the case of Agrobacterium tumefaciens, a gall or 
tumor develops near the crown of plants that it infects. If the bacteria does not carry the 
tumor inducing plasmid, there is no tumor produced. It has been found that a small 
portion of the DNA from the plasmid is actually incorporated into the plant DNA causing 
formation of the tumors during infection by the bacteria. This was the first known 
example of prokaryotic DNA being transferred to the eukaryotic cells. It is an exception 
to the rule that genetic exchange in nature usually occurs only between closely related 
species. The bacteria uses amino acids produced by the tumors as food and are a parasite 
to the infected plant. This particular example has led to many interesting genetic 
engineering experiments between plants and bacteria. 


Plasmids in general use host machinery to replicate and function. The larger 
plasmids may provide a few of these functions via its own DNA. The dye acridine orange 
will cause the plasmid to be lost to the cell if treated for a long period. Heating cells will 
also eliminate plasmids such as growing E-coli above 42C but below 46C which kills the 
bacteria. Plasmids can be mutated into runaway replication in which it continuously 
copies itself until it fills up the cell. 


Some plasmids produce substances which prevent other plasmids from 
functioning inside a cell at the same time. In some cases, conditions occur in which these 
same plasmids will permit a plasmid with a different part of the bacterial chromosome in 
its makeup to co-exist. 


Sex pili produced by plasmids can be broken off by treating a culture with a 
detergent (sodium dodecyl sulfate-SDS). This detergent is used over time to gently break 
apart the cell wall in a blending machine. This also releases the internal plasmids from 
inside the cell so they float in the medium. These are then added to living cultures as 
donor DNA. 


Plasmids arrange themselves so that they are equally distributed in the cell so that 
each daughter cell receives at least one copy during cell division. They regulate their 
copy numbers so that the host cell does not use all cell resources solely for plasmid 


copies. This allows the cell enough resources to grow and divide itself while still 
supporting copies of the plasmids. 


Field Experiment 


One of the best way to teach these principle is to obtain a manure sample from a 
livestock population on a farm that includes antibiotics in its feed. All the bacteria should 
be resistant to the antibiotics that are fed. These bacteria can be grown on Jell-O or agar 
and recovered as mixed colonies on a plate. 


Soil bacteria (gram negative-enteric) can be grown to provide “natural” strains 
which can be killed by the antibiotic. These are tested colony by colony to see which 
ones will not grow in the presence of an antibiotic disc (antibiotic used on the farm). 


A colony from the antibiotic resistant farm sample is then grown in a liquid 
medium with a colony of the antibiotic sensitive strain. If the antibiotic resistance is 
plasmid generated, the antibiotic resistant strain should donate a plasmid for this resistance 
to the other species in some of the cells. By plating the mixed colonies in the presence of 
the antibiotic (via a disc or mixed in the solid medium), you should be able to see if the 
antibiotic sensitive strain obtained an antibiotic resistant plasmid. If you do not have 
medium that allows you to see color changes in the bacteria, you can most often tell the 
strains apart by colony morphology (see Volume 6-A). 


The above method is a simple way of obtaining antibiotic resistant plasmid 
carriers. Samples can also be obtained from hospitals and culture collections (ATCC). 
Virulence factors can also be obtained and screened for via live experiments in mice. 


In the case of multiplier effects and bell curve weapons, these can be delivered 
directly as mixed weapons. Those cells carrying plasmids and virulence factors can be 
mixed into the primary populations as part of the mixed weapons. These may be less 
effective overall than selected strain weapons but they are also harder to defend against as 
each separate target may be affected with a different pattern of virulence, antibiotic 
resistance and vaccine resistance. These characteristics can be passed between cells 
during infection and the combinations of cell types allow for many recombinant 
possibilities. 


These types of weapons could also be called combination and selection weapons 
since the environment inside the target selects for the most effective combinations of 
genetic material and characteristics. Although theoretical, these weapons should include 
plasmid carriers for antibiotic resistance and virulence factors as well as separately 
produced mutant populations. This allows for the greatest degree of core genetic material 
to be provided in the delivered mix. 


Such a weapon would consist of prepared mutant cultures of the desired original 
species and strains. Plasmid carriers would be mixed into the weapon prior to use 
(distribution). Alternatively, experiments could be done comparing the delivery of both 


sets of organisms and a batch in which the plasmids were already exchanged with the 
mutant populations. [An interesting set of combinations of experiments for some future 
scientist to earn a PhD with]. 


Chapter 7 
Cell Fusion & Hybridization 


A wide variety of human, plant, animal, insect and microbial cells have been used 
in the last fifty years as parents to produce new types of organisms. Through a process of 
spontaneous or induced fusion, cells of virtually any type can be combined to yield a cell 
hybrid. Cells from different species have been fused (mouse and man, rat and mosquito, 
etc.) as well as different cell types of same species (mouse fibroblasts and mouse 
lymphoblasts). 


Spontaneous fusion of cells occurs rarely in laboratory cultures and occasionally 
in living organisms. The earliest successful lab procedure for inducing cells to combine 
(fusion) utilized inactivated Sendai virus in a culture containing the different cell types. 
Using this procedure, two groups of multinucleate cells (polykaryons) are produced. One 
of these groups are called homokaryons and have nuclei from the same parental type 
while the other is called heterokaryons and have nuclei from both parent cell types and 
only these are the cell hybrids. 


Once a heterokaryon cell is formed, it either grows in a culture medium, dividing 
into two mononucleate cells, or it dies. The daughter mononucleate hybrid cells cells are 
called synkaryons. Many of these have been found to be capable of cell division over 
long periods of time. The general process is illustrated below — 


INACTIVATED 
SENDAI VIRUS 


+ seis + 


FUSION 


AB HETEROKARYON 


MITOSIS 


AB HYBRIDS 
{ SYNKARYONS) 


EÐ AB HYBRIDS WITH REDUCED 
“{ SETSOF B CHROMOSOMES 


When synkaryons are produced in culture, they can sometimes be obtained in 
pure populations because they grow at a superior rate to their parents (hybrid vigor) and 
overrun the medium. In other cases, they grow slowly and tend to be overwhelmed by 
their parents growth. In the latter case, the cells are separated out by selective culture 
techniques using a growth medium that only allows hybrid cells to grow. They can also 
be separated mechanically by various techniques. Single cells can then be selected for 
producing clones which ensures pure populations of the hybrid cells. 


Fusion has been used to learn much about cellular biology. Cells exhibiting or 
lacking known properties have been fused together to reveal their inner workings (which 
parts of the cell control a specific characteristic). Fusion has also been used to produce 
new biological agents for warfare. Defecting Soviet scientists reported that they fused 
Ebola and smallpox virus during the 1990’s to form a new hybrid capable of a general 
depopulation of the planet. 


Virus induced fusion could also fuse cytoplasms lacking nuclei (chromosomes) 
with other cells containing nuclei. Bare chromosomes have also been fused with 
anucleate (no nucleus) cytoplasms and even whole cells. 


The long lived and proliferating synkaryons from different species of parents 
usually experience a reduction in chromosome numbers as they divide. Same parent 
hybrid cells usually retain the original number of chromosomes. In a human and mouse 
hybrid, the human chromosomes are gradually eliminated over time and this rule 
generally applies to many cell combinations. The chromosome of one of the parents is 
eventually segregated out. Knowledge of this allowed scientists to identify which 
chromosome (in mouse-human hybrids) would produce certain human proteins when it 
was the last human chromosome remaining in the hybrid. 


Tumor cells have also been fused with healthy cells in efforts to locate the 
particular chromosomes which carry the instructions for malignant growth. This 
technique has also been used to locate cancer inducing virus (prophage) by activating the 
genes for the tumor growth in normal cells fused with the cells containing the dormant 
tumor inducing virus. 


History of Cell Fusion 


Polykaryons were observed and reported in the 1800’s and were usually seen in 
microscopic sections from a variety of disease tissues including tuberculosis, variola, 
rubeola, and varicella. In 1868, Langhans described his theory that polykaryons may rise 
from fusion of preexisting different cell types (as well as being formed from cell division- 
mitosis). In slime molds, polykaryons can be formed by mitosis and these cells are called 
plasmodium. Among higher organisms, cell fusion is rarely found without being 
associated with disease. 


In the photo of a plasmodium below, there are twelve nuclei (arrow) darkly 
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In 1937, Michel used a mechanical technique for using plant protoplasts to 
produce short lived heterokaryons from cabbage and onions as well as cabbage and algae. 


The modern age of discovery in cell fusion began in 1960 when a group of 
scientists found cell hybrids that formed in lab cultures spontaneously. During 1957- 
1962, another scientist (Okada) used ultraviolet (UV) inactivated Sendai virus to induce 
cell fusion and generate the first homokaryons in the lab. By 1964 the scientists were 
using mutants and selective media to isolate specific hybrid cells and in 1965, Okada and 
Murayama use the inactivated virus to produce the first heterokaryons. That same year, 
the first proliferating synkaryons were produced by spontaneous fusion. 


1965 Harris and Watkins (1965) and, independently, Okada and Murayama 
(1965) produce the first interspecific heterokaryons using inactivated 
Sendai virus. Ephrussi and Weiss (1965) produce the first interspecific 
proliferating synkaryons by spontaneous fusion. 


1966 Yerganian and Nell (1966) demonstrate that Sendai virus can be used 
to produce proliferating hybrids. Davidson, Ephrussi, and Yamamoto 
{1966}, using melanoma and unpigmented cells, demonstrate that a 
phenotypic marker of histiotypic differentiation (i.e., pigmentation) can 
be selectively extinguished in hybrids. 


1967 Weiss and Green (1967) discover preferential elimination of human chro- 
mosomes in man-mouse hybrids and demonstrate that this phenomenon 
can be used for gene assignment in man. Watkins and Dulbecco (1967) 
and, independently, Koprowski ef al. (1967) demonstrate virus rescue 
when active SV40 particles emerge from hybrids derived from transformed 
cells and permissive ones. 


1969 Harris, Klein, and their colleagues (Harris et al., 1969a) begin experiments 
showing that malignancy need not dominate in synkaryons derived from 
oncogenic and normal cells. 


1970 Lucy and his colleagues (Lucy, 1970) begin experiments with lyso- 
lecithin-induced fusion. Cocking and colleagues successfully fuse plant 
protoplasts (Power et al., 1970). 


1971 Ruddle, Bodmer, Miller, Siniscalco, Bootsma, and theimco-workers begin 
the systematic use of cell hybridization as experimental system for map- 
ping human chromosomes (for references see Chapter XIII). 


1972 Carlson, Smith, and Dearing (1972) produce an interspecific hybrid plant 
from fused protoplasts. 


Since 1972, an explosion of advances have taken place with entire periodicals 
devoted to the reporting of advances in the field. 


Most of the earlier discoveries were made because the hybrid cells happened to 
outgrow their parents. In 1964, scientists began to develop media that would inhibit either 
parent strain of hybrids because both would lack a different particular enzyme, but some 
daughter strains would inherit the enzyme producing genes (one from each parent) and 
would be the only cells that could grow on the selective media. This process was tedious 
and complex, and yet successful. An example of a weapons selection of this type would 
be the fusion of anthrax bacilli and the mold that causes athletes foot. Daughter cells 
would be screened for the ability to infect skin tissues and simultaneously produce the 
anthrax toxin. Both sets of genes would have to be present in the cells to do both 
simultaneously. 


In 1965, the first hybrids from different animal species were produced using rat 
embryo cells and mouse L cells. This same year, Sendai virus, dead, alive, and 


inactivated (all three forms) were used to produce polykaryons from cells in culture. 
Human HeLa cells were fused with tumor cells from mice. Human cells were also fused 
with mouse and pig cells in separate experiments as well. The next year, long lived 
strains of synkaryons were discovered and the use of inactivated virus became the 
standard laboratory method. 


These advances were important because the genomes of both parents were 
expressed in the daughter cells, and the long lived interspecies hybrids would tend to 
slowly lose one parents chromosomes one at a time. This allowed for the mapping of the 
characteristics of each chromosome as it was lost. 


From 1970 onwards, efforts were made to find other techniques to produce cell 
hybrids. Their was always a risk of infection with Sendai virus not completely inactivated 
so experiments began using high calcium ion concentrations which had already been 
successfully used to create leaky cell membranes and transfer phage and plasmids. In the 
1970’s polyethylene glycol and derivatives of lipids were successful in yielding hybrids. 
Plant cells were also be fused by removing their cell walls and using inorganic salts and 
other agents in treatments. 


It was also discovered in the 1970’s that fusion of malignant and normal cells did 
not always produce hybrids in which malignancy was dominant. This led to a discovery 
in 1972 that tumor causing cells fuse with normal human cells in the body during cancer 
with a high frequency. It was also discovered that the drug cytochalasin B could be used 
to treat cells and remove the nuclei only via the process of nuclear extrusion. These 
enucleate cells could then be fused with other cells using the Sendai virus. The nuclei that 
were removed had a thin layer of cytoplasm and plasma membrane surrounding them. It 
was found that they could be fused in this form with virus particles to produce cell and 
virus hybrids. 


Lab procedures for nuclear extrusion and fusion are located in the following- 
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The applications for new weapons with varying properties was obvious. Harmless 
bacteria cells that live on human skin could be fused with highly contagious species such 
as plague. Cells that slowly lose the chromosomes for the plague would infect only a 
small portion of a target population before the loss of the virulence genes and would 
“burn out” before spreading across the planet. These self destructing infectious agents 
could, ideally, selectively wipe out a narrow geographic area without posing a threat to 
the attacking country. This is the “stuff” of science fiction novels made real by modern 
science. These sciences translate directly to an interesting combination of revolutionary, 
political, military and in some cases even evolutionary power. 


The military did not pursue these types of weapons because they could not be 
stored for long periods once they were produced. An interesting concept would be the use 
of binary (trinary, etc.) weapons in which the component parent cells and the fusing 
chemicals are stored and ready for use as specific packages. The time for fusion and 
release would be slower than ordinary biological weapons, but that can be advantageous 
in invisible warfare as well (especially when time is required for large scale covert 
delivery). The weapon would be a mix of hybrids with potentially unpredictable effects 
and the military tends to avoid these types of weapons and warfare concepts. 


Another potential weapon is one in which a human cell has its nucleus removed 
and foreign weapon DNA is introduced. This human cell has surface antigens which tell 
the donor person that it is part of him and should not be attacked by the bodies defenses 
(like cancer cells). If the weapon DNA is an anthrax or other toxin producing nucleus, it 
can produce anthrax toxin and release it inside the host as it reproduces itself and spreads. 
This ensures killing the host. This type of weapon would kill only the donor since his cell 
would likely be identified as foreign by any other human body. This makes it possible to 
take a cell from a target (hair, blood, muscle, etc) and produce weapons that are specific 
only for a single human target. 


By extension, different cell lines can be used to produce equivalent weapons for 
target populations. A cell type that can be recognized as self (provoking no immune 
response-histocompatible for example) can be used for entire closely related families. A 
different cell type can be confined for use only with selected ethnic groups and even 
entire races can be uniquely targeted using this method. As long as the cell types have 
antigens unique to that group, the group cells can be modified via nuclear extrusion and 
fusion to produce specific target group weapons. 


Spontaneous Cell Fusion 


Some cells actually fuse in nature all the time. This is observed when sperm fuse 
with an egg to form a new progeny. Sperm cells have been used in the virus induced 
fusion to fuse with cells other than the same species egg. In cells other than these, the 
event is rare in nature. As mentioned, the higher fungi cells with a single nucleus 
(mononucleate) join to form binucleate (dikaryon) cells. These cells proliferate by 
mitosis and always remain dikaryotic. 


Cell fusion also takes place in mammals. In a well known experiment, fertilized 
eggs from a white haired mouse and a black haired mouse are “denuded” by pronase 
digestion and then placed into direct contact with each other at 37C. They fuse into a 
double sized early embryo. This cell is grown in tissue culture into a cell mass of 128-260 
cells in which the “black & white” cells are intermingled. This cell mass is surgically 
introduced into the uterus of a foster mother that has been made artificially receptive- 
pregnant with injection of hormones. 


This process is illustrated in the diagram below — 


The result is a newborn mouse with fur that is a mix of the parents. The internal 
tissues and organs are also mosaics, or mixes of the two parents rather than the genetic 
trait of a single parent that is normally expressed. This chimeric mouse is a hybrid and 
the experiment is a tool used to teach hybridization and genetics in many institutions. The 
photos below show the parents and offspring of the experiment. 


Myoblasts (single nucleus muscle cell) can be fused with each other if they are of 
the same species and this occurs in nature. It has been found that if they are in the same 
stage of development, they can fuse with myoblasts of another species. Chick and rat 
myoblasts have been grown together in tissue cultures and when they touch each other 
during the same stage of development, they fuse into myotubes with both rat and chick 
nuclei. In these myotubes, muscle proteins of both rats and chicks are produced in the 
same ratio as the different nuclei. 


As mentioned in previous chapters, high levels of calcium ions (Ca++) can be 
added to culture medium to produce cell membranes that are leaky or porous. (Calcium 
Chloride is the most popular source of this type of calcium ion used in labs, it is the 
material used in winter to de-ice your sidewalk). This allows introduction of phage and 
plasmids into the cells. It increases the ability of cells to fuse, and also is required to fuse 
a number of cell types. 


The older the cells in a culture, the less likely they are to fuse on their own. This 
is due to changes which take place on their cell membranes during development which 
make them less receptive to signals on other cell surfaces. 


Fusion of cells takes place with some frequency in the uterus when cells are 
implanted. The mothers immune system does not attack the fused cells as foreign since 
part of the cell is progeny DNA with recognized antigens and this protects foreign cells 
from attack. 


“Giant cells” are produced during infections with variola (smallpox), vaccinia 
(cowpox), measles, mumps, herpes simplex and para-influenza. These are sometimes 
produced spontaneously without disease and are often found during infections with many 
viruses in human tissues. These multinucleate cells (polykaryons) can contain up to 200 
nuclei and are formed at the infection sites from parental macrophages. 


While many of these spontaneous events described above do not produce hybrid 
strains, they have been seen in a few mammals. Twin bulls will sometimes have 
exchanged primordial red blood cell tissues in the uterus. One of the bulls at birth would 
exhibit both parental types of erythrocytes but by eight years of age would have only one 
type, a hybrid of both parents. In these natural instances, the chance pairing of two 
“chimera” cells at exactly the right time, place and cell surface chemistry is usually an 
extremely rare event. These cells rarely produce progeny so they are even more rarely 
seen as a successful cell line. 


Cell fusion in the lab using calcium ions and ideal culture media is generally low- 
10(-2) TO 10(-6). This rate has been improved considerably using virus and chemical 
methods to induce the formation of cell hybrids. 


It is clear that cell membrane architecture and biology allows cells to fuse 
together in reproduction, and in common cell types. These cells seem to fuse easily when 
their inner cell membrane surfaces meet. Different species and cell types have different 
outer cell surfaces such as glycoproteins which prevent fusion from taking place. 


Using a Virus to Induce Cell Fusion 


The techniques developed in the 1960’s to induce cell fusion using Sendai virus 
were so simple that they were quickly adopted and practiced by scientists the world over. 
This led to an explosion of research in the field and widespread use of cell fusion as 
common laboratory practice. 


Several different viruses were in fact reported to induce formation of polykaryons 
in cell cultures. 


Some Viruses Reported to Induce Cell Fusion 


DNA-containing viruses 
Herpesvirus 
Varicella (Weller et al., 1958) 
Herpes simplex (Hoggan and Roizman 1459) 
Poxvirus 
Rabbitpox (Appleyard ef al., 1962) 
RNA-containing viruses 
Paramyxovirus 
Mumps (Henle et al., 1954) 
Newcastle disease (Kohn, 1965) 
Parainfluenza types, e.g., Sendai (HVJ), SV5 (Okada, 
1958; Compans ef al., 1964) 
Measles ° (Enders and Peebles, 1954; Cascardo and Karzon, 1965) 
Respiratory Syncytia “ (Morris et al., 1956) 
Oncornavirus 
Rous sarcoma (Moses and Kohn, 1963) 
Visna (Harter and Choppin, 1967) 
Coronavirus 
Avian infectuous bronchitis (Akers and Cunningham, 1968) 
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The most useful viruses for use in producing cell hybrids are the paramoxyviruses 


which attack cell membrane glycoproteins enzymatically during infection. In this class, 
the Sendai virus was found to be the best because it caused an exceptionally wide variety 
of cells to be susceptible to fusion and hybrid formation. It is also known by the names of 
parainfluenza virus and HVJ-Hemagglutinating virus of Japan. It was first isolated from 
mice by Ishida & associates at the Tohoko University School of Medicine in Sendai, 
Japan. 


The Sendai virus has a lipid containing envelope which stains like eukaryotic 
membranes under the microscope. The envelope has spikes and a helical RNA core 
which it surrounds. 
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When Sendai virus particles leave the host cell, they become surrounded by part 
of the host cell plasma membrane. When glycoprotein and glycolipid antigens are present 
on host cells, the myxovirus liberated from these cells were found to also have these same 
serologically defined membrane structures. In other words, the virus adopts part of the 
cell wall structure of these particular host cells to protect itself from immune responses. 
In this way, the host cell modifies the virus phenotype. 


This effects the viruses ability to hemolyze and fuse cells. Sendai virus grown on 
fertile chick eggs can lyse red cells while those grown on L cells or chick embryo 
fibroblasts or bovine kidney cells cannot. The difference is that the specialized cells cause 
the formation of a larger glycoprotein complex on the virus envelope. Virus grown on 
eggs produce a smaller version of this glycoprotein making it more potent and able to 
fuse cells. 


Before the virus pinches free from the host cell, the adopted plasma membrane 
becomes modified in several ways, the most obvious of which is the addition of spikes. 
Each spike acts as a hemagglutinin which taken as a whole makes the virus a multivalent 
agglutinating agent. This enables the virus to aggregate many different kinds of cells. The 
spikes also possess an enzyme activity called nueraminidase which attacks certain 
glycoproteins on cell plasma membranes. These sites that are attacked by the virus 
enzyme are also the receptor sites that the virus attaches to. 


As we have illustrated in previous chapters, phages attack bacteria like syringes 
with hypodermic needles which inject their genetic packages. Animal viruses, on the 
other hand, are generally phagocytosed and then drawn into the cells inside of vacuoles. 
The paramoxyvituses coalesce with the host plasma membrane while it surrounds the cell 
or when it is drawn into a vacuole. The membranes formed are often part viral and part 
host cell. 


When the virus agglutinates host cells, they affix themselves to the surface of one 
cell and then the other side of the virus attaches or sticks to another nearby cell 
effectively “stapling” the two cells together. Unlike most other viruses, after this 
aggregation of cells, the virus effects fusion of the adjacent cells. Many viruses are 
capable of agglutinating cells and coalescing with the cell membranes as described but 
these properties alone do not enable fusion. 


Viruses infect specific types of cells. This host specificity accounts for some of 
the differences in virus ability to fuse particular cells. The Sendai virus has many 
receptors capable of binding to a wide variety of different types of cells and membrane 
surfaces. In mixed cell cultures it has also been found that similar cell types tend to find 
each other during their movements and aggregate together preferentially. This effect also 
crosses species boundaries. Chick embryo myoblasts will aggregate with rat myobleasts 
preferentially when many other chick cell types are mixed in together. This promotes 
fusion of similar cell types in the formed aggregates because the aggregates are usually 
similar cell types. 


Sendai virus that is exposed to UV irradiation for one minute becomes inactivated 
and is unable to infect the cell with its genetic package. Its capacity to fuse ascite cells 
remains close to 100% through two minutes of UV exposure and is about 20% at six 
minutes exposure. It is always inactivated for fusion experiments to avoid infecting cells 
and complicating the testing results. 


The number of virus particles is important in cell fusion. It has been found that at 
least 150-300 viral particles is the minimum needed for fusing single layers of cultured 
cells into polykaryons. This minimal number is higher for cells fused in liquid suspension 
cultures. If live virus is used, fusion can be achieved in some cases with only a few virus 
particles but the resulting fusion is often not seen until six hours after infection. 


Sendai virus that is used commercially to produce cell fusion is measured in 
HAU, or Hemagglutinating units per ml. They come in a standard amount used to 
agglutinate a standard suspension of cells [10(7) cell/ml]. The optimum HAU for each 
cell type is determined experimentally and is usually published with the research data. 
For bio-weapons, each set of cell combinations will likely need to be tested for different 
levels. Successfully fused cells can clearly be seen under the microscope with multiple 
nuclei stained to stand out. Homemade virus preparations can be produced using chick 
eggs to grow the virus and an ultraviolet lamp to inactivate it. 


Virus induced fusion is also dependent on the presence of calcium ions. 
Concentrations of .1-1 mM or more of Calcium Chloride is usually used in the medium to 
effect cell fusion. To achieve the maximum frequency, a minimum of .42 mM calcium is 
required for more than 10 minutes for fusion to begin. A special medium Just for cell 
fusion can be purchased commercially. It is called BSS (Hanks or Earls basal salt 
solution) which meets the calcium and other fusion requirements. 


Optimal pH for fusion experiments have been reported to range from 7.3-7.8 to 
7.8 to 8.0. The higher pH will precipitate calcium ions making them unavailable for 
effect so different buffers are used. The fusion colonies often grow best at pH near 8. In 
some experiments, the use of the high levels of calcium ions and high pH alone have 
yielded cell hybrids. 


During cell fusion, the cells are agglutinated by virus at 4C during which 
metabolic and respiration activities are slowed. The cells are then warmed to 37C which 
initiates the fusion. Warming also speeds up the viral enzyme activity on the cell 
membranes. A race then begins between successful fusion of aggregated cells and the 
damage to receptor sites by the enzyme activity which dis-aggregates the cells. 


The following are lab reported methods of virus growth and cell fusion by Sendai 
virus — 


Watkins, J.F. (1971) Cell Fusion in the study of tumor cells. Intl. Rev. Exp. Pathol. 10, 
115-141 


Rao, P. N., and Johnson, R. T. (1970). Mammalian cell fusion: Studies on the regulation of 
DNA synthesis and mitosis. Nature (London) 225, 159-164. 

Rao, P. N., and Johnson, R. T. (1971), Mammalian cell fusion. IV. Regulation of chromo- 
some formation from interphase nuclei by various chemical compounds. J, Cell. Phy- 
siol. 78, 217-224. 

Rao, P. N., and Johnson, R. T. (1972a). Cell fusion and its application to studies on the 
regulation of the cell cycle. Methods Cell Physiol. 5, 75-126. 

Rao, P. N., and Johnson, R. T. (1972b). Premature chromosome condensation: A mecha- 
nism for the elimination of chromosomes in virus-fused cells. J, Cell Sci. 10, 495-513. 

Rao, P. N., and Johnson, R. T. (1974). Regulation of cell cycle in hybrid cells. In “Control 
of Proliferation in Animal Cells” (B. Clarkson and R. Baserga, eds:), pp. 785-800. 
Cold Spring Harbor Lab., Cold Spring Harbor, New York. 

Rao, P. N., and Johnson, R. T. (1974). Induction of chromosome condensation in inter- 
phase cells. Advan. Cell Molec. Biol. 3, 135-189. 

Rao, P. N., Hittelman, W. N., and Wilson, B. A. (1975). Mammalian cell fusion. VI. 
Regulation of mitosis in binucleate HeLa cells. Exp. Cell Res. 90, 40-46. 

Giles, R. E., and Ruddle, F. H. (1973a). Production of Sendai virus for cell fusion. In Vitro 
9, 103-107, 

Giles, R. E., and Ruddle, F. H. (1973b). Production and characterization of proliferating 
somatic cell hybrids, In “Tissue Culture: Methods and Applications” (P. F. Kruse, Jr. 
and M. K. Patterson, Jr., eds.), pp. 475-500. Academic Press, New York. 


The results of cell fusion vary among cell types but a sample of multi-nucleate 
cells formed from a typical mass are listed in the following chart — 


“Nucleogram” of 1348 Cells Resulting from Sendai Virus-Induced Fusion of Two Cell Types" 
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B-Cell 
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Only 96 of the 1,348 cells yielded dikaryons with one nucleus from each parent. 
Many other combinations were produced. In the photo below, you can see the fusion of 
HeLa cells (having large nuclei) with nucleated chick erythrocytes (small nuclei). 


Most of the cells are heterokaryons with 2-10 nuclei. 


Chemical Induced Fusion 


A number of physical and chemical processes were observed prior to the 1960’s 
to induce fusion. Study of these processes led to the development of several non-viral lab 
methods for producing cell hybrids. 


Calcium ions, most commonly used in the form of calcium chloride can induce 
fusion as already described. The published methods include 


1. Incubating plant protoplasts at 37C with 40-50 mM of calcium chloride which 
induced considerable fusion 

2. Chicken erythrocytes incubated at 37C at pH of 10.5 and then cooled and 
exposed to 40 mM of calcium chloride and then rewarmed. 


Other experiments using similar methods on other cell types have been successful 
as well. In some cases, magnesium chloride could act as a substitute for calcium ion but 
usually calcium must be present in minimal amounts. 


Lysolecithin and other lipids and lipid-related compounds have been used induce 
fusion in mononucleate cells. Lysolecithin is and enzymatic degradation product of 
lecithin (choline phospho glyceride). The enzyme used to convert lecithin to lysolecithin 
is phospholipase A which is usually prepared from various snake venoms. The resulting 
lysolecithin is extremely injurious to cell membranes (much like the snake venoms) and 
as a result, it can be used in small concentrations (100-1,000 mcg/ml) to fuse cells. 


It is very toxic to many cells and its toxicity is reduced by adding serum proteins 
or albumin during treatment or by using it as an emulsion. [J. cell sci. (1972) 10, 769- 
787]. Its lethal effect is neutralized after fusing using fetal calf serum. 


Glycerol monooleate also induces hybrid cell formation in tissue cultures at rates 
of 4-7 times that of the spontaneous frequency and does much less damage to cells than 
lysolecithin. 


Polyethylene glycol was introduced in 1974 as an agglutinating agent for plant 
protoplasts. If it is slowly diluted away with a growth supporting culture medium it yields 
extensive cell fusion. [Can. J. Bot. 1974, 52, 1603-1606] Molecular weight of 1500-7500 
daltons is necessary for successful cell agglutination. 


Principles of Cell Fusion 


The first step in producing cell fusion is to bring the cells close to each others 
membranes. Those agents which cause cell agglutination include Sendai virus and other 
myxoviruses, polyethylene glycol, polylysine, plant lectins and certain antibodies. 


The outer layers of the cell membrane which contain carbohydrates are affected in 
such a way as to remove them, displace them or damage them so they do not act to repel 
agglutination and fusion. This is accomplished by the neuraminidase enzyme activity of 
the virus. 


Chemicals effect the lipids of the cell membranes to cause the cell membranes to 
become “leaky”. Calcium chloride and lysolecithin are the most efficient at causing this 
effect, with the calcium best used at pH of 8-8.5. Calcium in any ionic form is required in 
solution to provide part of the necessary cell surface chemistry and process activation in 
cell fusion. These conditions are not ideal for cell growth but do encourage adjacent 
membrane coalescence. 


Once the cells are fused, they are returned to the ideal culture medium for growth 
and selection. 


Heterokaryons and Hybrid Cells 


The formation of stable and growing heterokaryons is the desired goal of cell 
fusion. The genetic material from two separate types of cells are present in the cell as 
intact nuclei. This provides the cell with the material to produce daughter cells with 
mixtures of the genes from both parents. 


The ability to tell which cells are heterokaryons (two different donor cells) from 
homokaryons is accomplished a number of ways. The easiest (using a microscope) is if 
the parent cells have different size nuclei. By staining the cells, you can visibly see the 
nuclei and those with two or more nuclei of different sizes are heterokaryons. 


Staining properties, antigens, chromatin morphology and other techniques are 
used by modern laboratories for identification. In many instances, this technology is not 
available to ordinary individuals (educated or not). The use of selective media to grow 
the cells and differentiate them by toxin, virulence, or other factors is often the most 
suitable. 


ek 


Dire tales Y 
hage nuclei. 


Left- A large heterokaryon with one melanoma nucleus and many macrop 
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Many heterokaryons display co-dominance traits of both parents as in the case of 
the white and black haired mice described earlier. Studies indicate there is a mixture of 
surface antigens from both parents of fused cells. Weapons derived from fused cells 
would often have mixed antigens. The effect would be to weaken or possibly eliminate 
the effect of immune responses due to previous exposures or vaccines to the new hybrid 
(hybrid vigor in this context). 


Heterokaryons divide and often form mononucleate hybrid cells of mixed 
chromosomal material. Many of these form from binucleate heterokaryons by mitosis in 
which the two nuclei split the genetic material into separate daughter cells. These 
mononucleate hybrids continue to multiply giving rise to colonies of hybrid cells. A large 
number of heterokaryons never reach mitosis or fail to complete the first normal mitotic 
division due to a variety of reasons. 


Multipolar divisions are common from the first heterokaryons formed and these 
are the hybrids. Subsequent divisions to produce descendents of the hybrid cells are rarer 
and in the final analysis, only a few of the hybrids actually form successful colonies. 
Successful mating rates of pairs of parents has been found to be higher when layers of 
cells are used on solid media rather than in liquid suspension cultures. 


The first hybrid cells were discovered because they outgrew either of their 
parental types still in the culture. This phenomena is referred to as hybrid vigor. Most 
hybrids will grow slower than their parents and this results in a need of isolating a few 
slower growing hybrids from a mass of faster growing parental cells. Those hybrid cells 
can often be isolated from a cell mixture by using selective media or isolation techniques. 
This usually means creating a medium that inhibits or kills the parental cells or that 
favors a hybrids growth. An example is making the media deficient in a necessary 
component that will only be used by a hybrid with cellular machinery from both parents. 


A good example would be a clone of a gram negative species that selectively 
grows in bile salts and is sensitive to the antibiotic penicillin. This is combined with a 
gram positive species that grows on ordinary blood agar but not bile salts and is resistant 
to penicillin. A true hybrid of both will be able to grow on bile salts and be resistant to a 
penicillin disc. 


You can also use a brute force method of diluting all the cell in liquid and 
growing them all in isolated colonies and evaluating each ones new properties such as 
toxin formation, virulence factors and so on. The new hybrids should also form colonies 
with morphologies different from either parent so with some skill and practice, these can 
be quickly separated out by a quick glance at the colony. Using a microscope or powerful 
magnifying glass helps bring out the different morphological characteristics of each 
colony. 


Some hybrids will still resemble their parents morphology and have desirable 
properties so these may have to be examined for important factors and separated by other 
methods as well. These may be separated from parents by changing the temperature, pH, 
exposure to various drugs in which the parents have different resistance patterns and so 
on. They can also be evaluated for the presence or absence of enzyme activity. If one 
parent can lyse red blood cells and the other cannot, then only hybrids and this single 
parent produce colonies with halo formation when grown on blood. 


It has also been found that the chromosome numbers vary in hybrid cells with 
parents containing different numbers of chromosomes. In these cell combinations, one set 
of chromosomes is usually eventually segregated out in favor of another set. In some 
cases, it has also been observed that the segregation patterns favoring one species over 
another has been reversed. This depends on the particular cell types used for each parent. 
The following chart shows the segregation tendencies of cell line mixtures — 


Preferential Loss of Chromosomes in the interspecific Somatic Cell Hybrids 


Specific origin of 


eliminated 
Hybrids chromosomes References 
Man + mouse Man Weiss and Green, 1967; 
Migeon and Miller, 1968; 
Mouse” Minna and Coon, 1974; 
Minna et al., 1974b 
Man + Chinese hamster Man Westerveld et al., 1971; Kao 
and Puck, 1970 
Man + Syrian hamster Man Grzeschik et al., 1972; 
Grzeschik, 1973b 
Man + mosquito Mosquito Zepp et al., 1971 
Mouse + monkey Monkey Cassingena et al., 1971 
Mouse + mule Mule Deys, 1972 
Mouse + rat Rat Weiss and Ephrussi, 1966a 


Mouse + Chinese hamster 


Mouse + Syrian hamster 


Mouse + chick 
Chinese hamster + kangaroo-rat 
Chinese hamster + chick 


Mouse and rat 
Mouse and hamster 


Mouse 
Mouse and hamster 


Chick 
Kangaroo-rat 
Chick 


van der Noordaa et al., 1972 

Scaletta et al., 1967; Graves, 
1972b; Labella ef al., 1973; 
Handmaker, 1971 

Migeon, 1968 

Wiblin and MacPherson, 
1973 

Schwartz ef al., 1971 

Jakob and Ruiz, 1970 

Kao, 1973 


Bacteria only have one chromosome so that if bacteria species are fused together, 
this preferential observation does not apply. The two parent chromosomes fuse to form a 
single chromosome with genes from both parents. If a bacteria species is fused to cells 
from other cell types such as human blood cells, muscle cells, insect, plant, mold and 
cells of other origins, the results will have to be examined on a case by case basis. 


In an interesting study in 1973, the following chart shows the resulting genes 
present in different hybrid cells from a man and mouse cell hybridization. The hybrid 
cells all contained a complete set of mouse chromosomes and the following 
chromosomes from the human parent cell. 


Cell by Cell Analysis of Human Chromosomes in a Hybrid Clone (CI 6) of Hybrid Cells Obtained by 
Fusing Mouse A? Cells with a Near-Diploid Human Lymphoblastoid Line" 
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It has been found that one parents cells can be irradiated and mutated (damaged) 
so that the preferential segregation is reversed. Moderate doses of UV caused small loss 
of chromosome numbers while large UV doses caused large losses of chromosome 
numbers contributed by the irradiated parent. Treatment with chemical mutagens and 
drugs also can have a similar effect. 


Chromosome loss rate is slow with cells of closely related species such as mouse 
and hamster cells. Segregation becomes much faster as the cells of the parents increase in 
phylogenetic difference from each other. Man and chick hybrids segregate very quickly 
for example. In a man and mouse hybrid line tested in 1967, all but 2-15 human 
chromosomes segregated out within 20 generations of the hybrid formation. After this 
time the human chromosome cell count stabilized at 1-3 chromosomes per cell line while 
all mouse chromosomes were present and intact. The numbers vary with particular cell 
types and strains but this pattern is generally followed in mixed species cell fusion. 


It has been observed that the segregation also favors the media which best allows 
species growth. In the human and chick line, chick cells grow best at 40C and human 
cells at 37C. When hybrids are grown at 40C the chick chromosomes tend to be favored 
while growing them at 37C favors the human chromosomes. Insect cells require very 
special growth media and when insect cells are fused with human cells, the insect 


chromosomes are favored in their own media while human chromosomes are favored in 
human tissue culture media. 


Cell Fusion Weapons Principles 


This last paragraph speaks to the heart of the application of bio-weapons via cell 
fusion (and all other types). Those cells that grow best inside of and infect a particular 
species are the best weapons. The best screening methods for single cells, combined cells 
and all daughter combinations is applied in the multiplier effects and bell curve weapons 
concept. All the cells are used in test animals to see which ones work. Those that are 
favored with superior growth and virulence by each particular exposure routes are the 
cells that make the best weapons. 


The cultured cells can all be simultaneously tested by inhalation, dermal, and 
ingestion routes for effectiveness. Those that successfully infect will infect and/or kill the 
host will be found in large numbers inside the host tissues and can be recovered in this 
manner. These cells must have the virulence factors and toxin producing abilities to infect 
and grow in large numbers inside the host. 


Cell fusion weapons were not reported to be developed by the US military 
although the Soviets apparently made some progress in the field. President Nixon ordered 
an end to US production and large scale experimentation of bio-weapons in the early 
1970’s. In addition, military weapons development usually requires the mass production 
of a single purified type of species, toxin, etc. that can be stored for long periods and then 
drawn on and used in time of war. 


This combination has precluded development of concepts like multiplier effects 
weapons and bell curve weapons. These weapons are quite suitable for mini development 
by individuals and mass arming of desired populations with them. It is of course possible 
to produce master strains of any biological and retain it in a repository for later growth 
and use. In the authors concept, these strains can be developed, mass produced and used 
“on the run” by ordinary populations. 


Multiplier effects weapons are those which use combinations of cultured 
organisms and selected carrier materials to produce multiple infections. Cell fusion lines 
have great promise in this regards since virulence genes, toxin producing genes, surface 
antigen genes and so on can be combined in single cells creating new potential super- 
weapons. These can also be used directly in combination with any suitable carrier and 
complementary organisms. This usually requires the culture of a hybrid with the desired 
factors and this specific strain is then added to the combination weapon. 


Bell curve weapons can be made directly via cell fusion. The entire mass of fused 
cells can be introduced by the various routes of exposure into appropriate animal test 
models. Those that are most effective are the best candidates for future weapons use. In a 
serious condition in which weapons need to be produced in a hurry, they can be directly 
field tested. The fusion weapons will have an important psychological advantage in that 


they will have new and unknown killing and infecting properties that have never been 
seen before. The early exposures to Aids and the Anthrax attacks gave indications of the 
ability of this category of weapons to induce panic into target populations. Since fusion 
weapons can be produced using any combination of bacteria, virus, animal, plant and 
insect cells, new and extraordinary weapons can be produced daily. 


Fusion weapons do not need to be contagious to be effective. The fear of prions 
(mad cow disease) and various new virus outbreaks in the US is reported routinely by the 
press. This has the effect of magnifying, accelerating and amplifying the phsychological 
state of those affected to the general population. Any new illness brought on by an 
unknown or previously harmless organism is effective in this regard. These types of 
weapons will use parent cells which are not contagious but have toxin producing qualities 
(like anthrax). The weapon only affects people in the area it is released and does not 
spread from human to human. 


Contagious weapons can be produced from any cell weapon in which one of the 
parents contribute genes for living in human tissues and living after being expelled as 
solid waste or breath in other media or humans. Once again this category is virtually 
unlimited in potential. Among these are the possible planet killers which can generally 
depopulate the planet of most or all human life and in some cases possible all upper life 
forms. 


The most striking examples are the Clostridium species. They lack cellular 
machinery to grow in oxygen which kills them. This machinery (mitochondria, and other 
organelles) can be provided by other species in cell fusion resulting in progeny that can 
now live in oxygen. If these new hybrids also produce the toxins of the parent 
clostridium, they may be capable of turning all upper life into bacteria food. Botulinum, 
tetanus and the gas gangrene toxins all kill host animals. Even if human populations were 
to survive via vaccination and antibiotics, the entire animal populations of the planet may 
be left unprotected and eventually would die off. [Knowledge is Power translates directly 
in this blended field of biological and military sciences] 


Combination chromosomes of hybrids also yield species with new and different 
surface antigens. This is a quick method of making vaccines ineffective. This also 
provides methods of exhausting the immune system. As the hybrid loses chromosomes 
which are less suitable in the host, it changes the antigens while retaining the favorable 
chromosomes for living in and infecting the host. This constant change should eventually 
overwhelm the host as each set of new generations becomes different from before. The 
disease appears to mutate inside the host while killing it. These are weapons that belong 
to a category by themselves. 


One final aspect of these weapons is that a parent or both parents of hybrids can 
be mutated before hybridization. This allows for unique combined progeny from the start. 
The daughter cell lines can also be mutated to produce combined bell curve-multiplier 
effects fusion weapons. The future is unlimited in this field (If there is a future in 
teaching how to kill everyone on the planet). These types of weapons are useful in the 


MAD (mutual assured destruction) concepts developed during the cold war. Their use 
obviously becomes evolutionary rather than revolutionary in nature. 


Producing Plant Cell Hybrids 


Plant cells can be fused with other species by stripping the cells of their cellulose 
wall. A difference in using plant cells is that entire organisms (a plant) have been grown 
from mixed species cell hybrids. This has not been possible with single cells of other 
mixed lines. 


Plant cell fusion is accomplished by producing plant protoplasts (cells free of the 
cell wall). This is usually accomplished by using a mix of enzymes (cellulase, pectinase 
and hemicellulase) to digest the cell wall constituents. Sucrose is added to the digestion 
mix to aid in the recovery of the often damaged internal cell parts. Sometimes this 
process by itself produces multinucleate cells. Sodium nitrate (10-20 minute exposure) 
has been used to directly digest the cell walls in masses of aggregates which 
spontaneously fused. High pH and the use of calcium chloride increases yields of all 
types of plant fusion methods. 


An obvious use of plant-bacteria hybrids is the ability of plants to yield some 
specific toxins that do not exist in the microbial world. Ricin toxin is one example. 
Bacteria and castor bean or plant fusion may yield progeny that can metabolically 
produce ricin. Since there is no vaccine, treatment or possible immunity to ricin, this 
makes a significant potential weapon. Ebola virus causes disease because it instructs cells 
to produce and enzyme which dissolves human blood vessels. Ebola virus may be hard to 
come by and work with but many plants yield comparable enzymes that cause identical 
injuries if ingested. All of these make considerable potential weapons when produced 
inside of virulent bacteria. [Bacteria do not need to be virulent to infect and kill a host. 
Many species live on and sometimes in human tissues consuming waste materials as 
food. These can be modified as well]. 


Chapter 8 
Screening & Weaponizing Bacteria 


[Authors Note-It had been my intention to include a chapter on genetic engineering at this 
point of the book but my resources, time and need to produce income have precluded 
this. The serious student of this art will find that genetic engineering skills are taught on 
all university campuses, many high schools and found in many published works. This 
method of modifying bacteria holds the greatest specific potential for effective weapons. | 


Cell & Organism Choices 
Bacteria can be prepared as weapons in a number of different ways. The most 


important of which is the modification choice itself. The following chart lists the main 
organisms and cells which have virulence factors or produce toxins that affect human and 
animal life. Many other combination possibilities exist and these will be discussed in 
general later in the chapter. 


Bacteria Toxin or Genetic Factor Effect 
Anthrax Spores-Protective Shell for Resistant to weather radiation 
Hibernation & long term survival chemicals & other 
environmental factors. 
Allows bacteria to survive for 
decades in alkali soil & 
storage 


Capsule Protects the cell from attack 
by immune responses of 
humans and animals. 
Phagocytes ingest & carry 
anthrax throughout body 
which survive and spread into 
various tissues 

Metabolic Pathways Allow anthrax to grow on 

blood, potato, organic 

materials in soil and many 
other materials 


Toxin-Protective antigen (PA) 
Lethal Factor (LF) 
Edema Factor (EF) 


PA & LF required for lethal 
infection. PA & EF for local 
edema infection. PA acts on 
cells to open surface for entry 
by EF which causes edema. 


Toxin is only produced in 
live animal tissues. 

LF causes tetanic paralysis & 
respiratory failure via action 
on nervous system 


Clostridium Botulinum 


Clostridium tetani 


Clostridium perfringens 


Botulinum Toxin of 
several types plus 
protective proteins 
as part of toxin 


C2 & C3 toxin 


Grows in dead carcass 
& injured body tissues 
& decaying vegetation 
Can grow in colon but 
competing bacteria 

prevent colonization & 
lethal toxin production 


Spores 


Tetanospasmin toxin 


Tetanolysin toxin 
Spores 


Alpha toxin 


Cannot grow in air but allow 
cells to survive & spread. 
Resistant to heat, radiation 
Chemicals, etc. 


Causes food poisoning, 
deadliest substances known. 
.000000033 mg causes LD50 
Acts on nervous system in 
manner similar to nerve gas 
Released on cell death 
Increases vascular 
permeability & binds 

to cell receptors 


Mass produces toxin in 
tissues & carcass 


Allows long life & spread 
Cannot grow in air 

Protects from heat & chems 
Causes lockjaw. Fatal in tiny 
Doses, released on cell death 
Lyses red blood cells 
Cannot grow in air but is 
most aerotolerant of all 
Clostridium species & may 
grow in colon 

Long lived in soil & resists 
all chemicals & heat 


Lethal lecithinase C enzyme 
Hemolyzes cells at cool 
Temperatures. It is the cause 
of classic gas gangrene & 
similar to snake venoms 


Clostridium Novyi 


Theta toxin 


Beta toxin 


Epsilon toxin 


Iota toxin 


Gamma toxin 
Delta toxin 
Eta toxin 
Kappa toxin 


Lambda toxin 


Mu toxin 


Nu toxin 


Aggresin 
Neuramidase 


Spores 


Alpha toxin 


Gamma toxin 


Oxygen sensitive hemolysin 
that destroys erythrocytes 
Lethal & necrotizing & 
causes blood pressure 
changes that can be fatal 
Lethal, necrotizing, neuro- 
toxic, destroys kidneys, & 

& increases permeability 

of small intestines. 
Accumulates in brain & 
other tissues, produces 
edema & necrosis of nervous 
tissues. 

Lethal & necrotizing, 
Drastically increases 
capillary permeability which 
increased diffusion & spread 
of all toxins 

Lethal 

Hemolytic & lethal 

Lethal 

Collagenase enzyme that 
dissolves muscle connective 
tissues 

Proteinase & gelatinase 
Hyaluronidase which 
drastically increases spread 
of toxin & infection. Only 
most virulent strains produce 
Mu toxin 
Deoxyribonuclease, 
necrotizing, destroys muscle 
& connective tissues, 
increases permeability of 
small blood vessels 

Bursting factor 

Inhibits receptors of immune 
Cells 

Long term survival, cannot 
grow in air 

Necrotizing & lethal 
Increases capillary 
permeability & gelatinizes 
muscle tissues 

Lecithinase C enzyme 
causes hemolysis of cells 


Clostridium septicum 


Clostridium difficile 


Clostridium histolyticum 


Clostridium sordellii 


Corynebacterium diphtheria 


Beta toxin 


Epsilon toxin 
Theta toxin 
Delta toxin 
Zeta toxin 
Eta toxin 
Spores 


Flagella 
Alpha toxin 


Beta toxin 
Gamma toxin 
Delta toxin 
Fibrinolysin 
Neuramidase 
Hemogluttinin 
Spores 


Flagella 
Alpha toxin 
Beta toxin 
Spores 


Alpha toxin 
Beta toxin 
Delta toxin 


Epsilon toxin 
Gamma toxin 
Peptidase 
Gelatinase 


Also a lecithinase C 

which is lethal, necrotizing 
& hemolytic 

Lipase enzyme 

Hemolysin 

Oxygen sensitive hemolysin 
Hemolysin 
Tropomyosinanse 

Long term survival, do not 
grow in air 

Makes cells motile 

Lethal, necrotizing, hemo- 
Lytic & leukocidic 
Deoxyribonuclease 
Hyaluronidase 

Lyses erythrocytes 


Long term survival, cannot 
grow in air 
Makes cells motile 


Long term survival, cannot 
grow in air 

Lethal & necrotizing 
Collagenase 

Elastase which is an 
oxygen sensitive hemolysin 


99 


Proteinase 


One strain produces 9 different proteinases** 


Spores 


Lecithinase C 


Long term survival, cannot 
grow in air 
Lyses red blood cells 


Another toxin that combines to produce edema, muscle 


hemmorhage and proteolysis 
Diphtheria toxin 

(A&B fragments) 

[A is lethal in tiny amounts 
B allows A to enter cells] 


Requires virus (beta phage) 
to produce toxin. It is 
necrotic and diffuses 
throughout the body 
destroying many types of 
tissues. A & B fragments are 


Staphylococci 


Streptococcus 


Surface K antigen 
Cord Factor 
Neuraminidase enzyme 


both present for maximum 
effectiveness of toxin. 


Increases invasiveness 
Increases virulence 
Allows invasion of throat 


tissues-breaks down mucus 
food 


Can infect via skin cuts, and dried cells are long lived 
Live on human skin & in upper respiratory tract 


Coagulase enzyme 
(2 forms which act 
differently) 


Enterotoxin 
Hemolytic toxins(many) 
forms called staphylolysins) 


Fibrinolysin 
Capsule (some strains) 


Clots blood & separates 
infection site from 
immune response 


Vomiting, diarrhea 
Skin necrosis & lyses 
red blood cells 


Re-dissolves blood clots 
increases virulence 


Will grow at 45C and in 10% salt 


Leukocidin 
Enterotoxins 
Exfoliatins 


Pyogenic exotoxins 


Hyaluronidase 
Lipase 


Nuclease 
Superantigens 


M surface proteins 


Protease 


Attacks leukocytes 
Vomiting, Diarrhea 
Loosens & separates skin 
epidermis 

Lethal shock, heart & 
liver damage 

Increases invasiveness 
Dissolves fats & oils that 
accumulate on skin and 
allows survival there. Also 
causes skin boils 

Cleaves DNA & RNA 
Cause shock from immune 
response 

Produces fuzz on staph cells 
that interferes with 
phagocytosis 

Attacks complement that 
attracts phagocytes to 
infection sites 


Survives in host respiratory fluids and dust making it 


contagious 


Pneumococci 


Many strains and species producing many different toxins 


Flagella (few strains) 
Hemolysins 

DNAase 
Hyaluronidase 
Proteases 
Neuraminidase 
Camp factor 


Capsules of hyaluronic acid 


Dextransucrase 


Grows both aerobically 
& anaerobically 


Erythrogenic toxins 


Muralysin 
M,T,R surface proteins 


Streptolysin O 


Streptokinase 
Proteinase 
NADase 
ATPase 
Phosphatase 
Esterase 
Amylase 


N-acetylglucosaminidase 


Lipoproteinase 
Cardiohepatic toxin 
Surface protein F 


Motility 

Attack red blood cells 
Attacks DNA 

Increases invasiveness 
Attacks proteins 

Allows throat infection 
Growth increased in presence 


of staphylococci by 
combined hemolysis 
Increase virulence 
Forms dental plaque 


Can infect any tissue 
with different O2 levels 


Produced by virus-phage, 
type C increases permeability 
of blood-brain barrier to 
toxins & bacteria 

Phage induced hemolysin 
Protects cells from 
phagocytosis-evades immune 


detection 

Damages red cells & heart 
tissues & many other cells 
Pore forming toxin 


Destroys blood clots 


Binds to pharyngeal cells 
allowing colonization of 
respiratory tract 


Part of normal flora in respiratory tract flora, contagious 
Grows both aerobically & anaerobically 


Capsule 


Different types with varied 


E-coli 


Salmonella 


virulence, neutralizes 
antibody via free capsular 


material. 
Amidase Self lysing enzyme 
Autolysins Digest peptidoglycans 
Pneumolysin O Anaerobic toxin produced 
(water soluble) in mucus & exudates, lethal 


dermonecrotic & dermotoxic 
Binds to cell cholesterol and 
forms pores in wall 


Neuraminidase Breaks down mucus for food 
Hyaluronidase 

Leukocidin 

Necrotizing toxin 

Protein adhesin Binds to pharyngeal cells 
SIg A protease Protects cell in mucus 
Hydrogen peroxide Causes lung damage-food 


Inflammatory shock response triggered by various factors 
such as peptidoglycan fragments released at lysis. Protects 
bacteria from immune response clearing action. 


Host with spleen dysfunction are very susceptible 
A few strains with “bile resistance” are more virulent 


Naturally transformable to capsular form 
Some have genetic resistance to classes of antibiotics 
Normal inhabitant of intestines 


Capsule Protects from immune system 

Flagella Motile strains 

Surface component Masks surface antigens 

Colicin Bacteriocide 

Enterotoxins Cause diarrhea, ataxia 

Cytotoxic hemolysins Kills leukocytes, inhibits 
phagocytosis & chemataxis 

Neurotoxins Causes paralysis & neuro 
damage 

Adhesins (pili) Binds to intestinal surfaces 


for colonization-many types 
Lives in soil, sewage, manure for months 
Pass through epithelial lining-by engulfment into surface 
cells and multiplication & release (Invasin genes) 
Surface component Masks surface antigens 
Adhesive fimbriae Colonize tissues, linings 


Shigella 


Klebsiella Pneumonia 


Proteus 


Yersinia (Black Death) 
(Plague) 


Flagella Motile strains 


Long O antigens Resist phagocytosis & 
inhibit MAC 

Endotoxins (LPS) Causes fever & shock 

Entereotoxins 

Enterochelin Iron scavenging increases 


fatality of infections with 
iron present 


Neurotoxin Nerve damage & paralysis 

Antibiotic & Dye resistance 

Virulence plasmids Survival in macrophages 
Increased growth in liver 
and spleen 

Vi antigen Capsular polysaccharide 
in S. typhi 

Lives in intestines, survives in sewage, water, etc. 

Surface K antigens Mask O antigens 

O antigens Induce inflammation 

Endotoxins (LPS) Severe diarrhea 

Exotoxins-Shiga toxin Neurotoxic 

Invasins Invades epithelial cells 


Invade & grow in 
and kills macrophages 


Inducers & adhesins Causes other cells to engulf 
them for food & transport 
Trigger apostosis Causes programmed cell 
death of macrophages 
Capsule Protects cell. Especially 
In respiratory tract 
Fimbriae adhesins-pili Bind to cell surfaces 


Inhibit phagocytosis, impairs 
intraphagocytic killing 


Sidephores Scavenge iron 

Enterotoxins Disintegrate alveolar wall 
and necrotize lung 
parynchema 

Live in soil, water, sewage, decaying matter & in humans 

Urease activity Destroys kidneys 

Flagella Motile & swarming 

Surface antigens Resist immune response 

Endotoxin (LPS) Causes diarrhea 


Multiplies in stomach of fleas causing disgorging during 
bites-transmitted via the bites 

Lives longer at 50F than 80F 

Grows at freezing temp’s slowly 

As few as 10 cells produce fatal infections 


Francisella tularensis 
(Tularemia) 


Vibrio cholerae 


Can survive and grow in unactivated macrophages which 
allows proliferation in lymph nodes & eventually lungs 


Capsule Antiphagocytic 

Endotoxin (LPS) Lethal-Septic shock 

Murine toxins Lethal edema & necrosis 

Fibrinolysin 

Pesticin 

Coagulase Blood clotting-Blackish 
appearance of tissues 

Multiple sidephores Scavenge iron & increase 


virulence (a lot) directly with 

iron added to infection site 
Uptake of entire hemin molecule, not just cleaved iron, and 
can use it as stored hemin directly 


Virulence genes coded on plasmids for all Yersinia and 
easily exchanged with E-coli to which it is closely related 
Plasminogen activator protease (Pla) is a gene on a plasmid 
that aids in systemic spread through the body 


Invasins Allows invasion to interior of 


host cells 
[E-coli have had the plague gene for the invasins cloned 
and inserted via transformation-they subsequently produced 
the ability to be engulfed and then internally devour the 
host cells] 


Pilus adhesins Protects yersinia from 
digestion by phagocytes 

Excreted Outer Membrane Proteins (Yops)-11 types which 

interfere with immune response signals and attack host cell 

cytoskeleton 

Serum resistance Survival in blood in fleas 

Infects and kills at 14 cells or less 

Invades through eyes, mucus & abraded skin 


Endotoxin (LPS) 
Heat-labile toxin 


Ability to invade cells mimics the factors listed above for 

plague-invades most cell types 

Endotoxins (LPS) Cause profuse diarrhea & 
vomiting 

Lives in and spreads via contaminated water 

Hemolysins Dissolve blood cells and are 


cardiotixic & lethal 
Flagella Motilityto swim to surfaces 
Exotoxin (Cholera toxin) Similar action to diphtheria 
toxin which attaches to cells 
and causes them to discharge 
internal fluids 


Mucinase Attacks lining cells 

Adhesins-pili Adheres to intestinal lining 

Hemagglutinin Surface protein that 
agglutinates erythrocytes 

Enterotoxin (Zot toxin) Disrupts binding together of 
mucosal cells 

Enterotoxin (Ace toxin) Causes diarrhea 

Sidephores Iron sequestering 

Surface protein Binds hemin & hemoglobin 


Mycobacterium Tuberculosis Intracellular parasite that can spread to bone marrow, 
lymph nodes & liver of host. Grows inside monocytes 
Virulence is attenuated in subcultures on media 
Contagious via air droplets 
Cell wall very resistant to strong acid & alkali 
Has 3 layer cell wall & 3 layer plasma membrane 
L form of TB has no cell walls 
Virulent strains form cords in liquid media 
(cord factor-mycolic acids) triggers inflammatory response 
Colonizes lymph nodes of trachea & bronchi 
Grows inside of cells & kills host cell in 3-4 days 
Usually grows inside of unactivated macrophages and 
is killed by activated macrophages 
Serum resistant 
Causes caseous necrosis & self lyses 
Macrophages that do not kill TB may wall off site 
forming tubercle lesions 
TB cells can survive for decades inside of lesions 
Spreads if colony is near a blood vessel with high fatality 
Inhibits fusion of lysosomes in macrophages 


Exochelin Robs iron from cells 

Mycobactin Iron chelating substance 
in cell envelope 

Invasins? Stimulate uptake by 
phagocytes 

Acidification inhibitor Prevents acid formation in 
phagocyte vesicles 

Lipoarabinomannan Suppresses T-cells 

Antigen 85A Protein that binds 


fibronectin-suppresses 
recruitment of immune cells 


Mycobacterium leprae 
(Leprosy) 


Haemophilus 


Listeria 


Intracellular parasite 

Contagious via skin contact-lesions which form 

granules that eventually spread throughout host 

Can invade every type of tissue & cell 

Live in cytoplasm but do not invade nucleus 

Has 3 layer cell wall & membranes 

Capsule Protects from host defenses 


Many of the same cell traits for TB are present in M. leprae 


** Mycobacterium species found in soil & water also infect 
humans with suppressed immune systems via similar 
biology 
** Mycobacteria cell walls are very tough and do not 
respond to chemical attacks as well (calcium chloride, etc) 
making them harder to modify 
Microbial parasites that colonize the upper 
respiratory tract, as well as cause venereal disease 
Contagious via air droplets 
Requires hemin and/or NAD to grow 
Capsules Protects from host defenses 
Pili Adheres to pharyngeal tissues 
Hemagglutination of 
human type O eryhtrocytes 
Endotoxin (LPS) Epithelial cell damage 
& ciliostasis 
Found in many animal species & lives in plant-soils 
Grows slowly in refrigerated temperatures 
Grows at high pH and in high salt environments 
One of few organisms that can pass though placenta 
Invades intestinal cells & macrophages 
Uses host cell actin to form long tails to move within & 
between host cells 


Adherence & invasive factors that bind to cells and allows 
Listeria to move through mucosa & reach underlying tissue 


Up to 4 flagella Highly motile 
MPA Causes monocytosis 
MEF Mortality enhancing factor- 


cell disruption product 
Endotoxin (LPS) 
Cardiotoxin Also contributes to 


Brucella 


Bordetella Pertussis 
(Whooping cough) 


Neisseria gonorrhoea 


monocytosis 
Hemolysin-Phospholipases Invasive factor leukocidic, 
disrupts lysosomes and 
is cardiotoxic 
Lecithinase Attacks lecithin, causes 
major tissue damage 


Listeriolysin O Antiphagocytic action-allows 
Listeria to escape vesicles & 
multiply in cell cytoplasm 

Contagious via ingestion, inhalation and skin contact 

Long term intracellular parasites 

Uses lymph system to spread to blood & many organs 

Only a few cells required to initiate infections 

Capsule Protects from host defenses 

Cytotoxin Heat sensitive protein that 
also acts as a mild neurotoxin 

Endotoxin (LPS) 

Human pathogen spread by air droplets or skin contact 

Virulent mutants arise from non-virulent strains at 10(-6) 

Binds to cilia in airway allowing colonization via 

various adhesins (pili, proteins) -also adheres to phagocytes 

and survives phagocytosis. 

Toxin kills cilia, stopping “wafting” to remove debris 


Pertussis toxin Similar to cholera toxin, 
increases mucus & 
respiratory secretions 


Adenylate cyclase Binds to & lyse erythrocytes 
from inside the cell 
Dermonecrotic toxin Causes necrosis, is lethal 
Tracheal cytotoxin Peptidoglycan fragment 
that kills cilia when 
Bordetella lyse 
Endotoxin (2-LPS) Cause inflammation 


Fragile cell which does not live long outside a human host 
Normally transmitted by sex but can also colonize the 
throat, and rectum. 

Constantly changes its surface antigens (especially pili 
antigens) to avoid immune responses. 

N. gonorrhoea is naturally transformable, it takes up DNA 
without chemical shock or electroporation, but 
discriminates against foreign DNA. 

Adheres to and invades tissues via actin rearrangement, 
numerous pili (which change allowing adherence to 
different cell receptors), proteins, receptors, etc. 


LOS Triggers intense 
inflammatory response 

Serum resistance 
Antibody blocking surface arrangements 
Bacteria killed in phagocytes also kill phagocytes resulting 
in discharge seen in VD. 
Iron binding proteins 

Pseudomonas aeruginosa Occurs in all people with cystic fibrosis due to increased 
mucus which impedes phagocytes and airway clearing 
Grows in huge range of media, soil, water, mild 
disinfectants, etc. 
Can grow in mucus but does not overcome host defenses 


Alginate Coating that resists 
phagocytes 

Pili & other adhesins 

Neuraminidase 

Exoenzymes S Inhibits phagocytes 

Exotoxin A Damages tissue 

Elastolytic activity Damages lung tissues, 


blood vessel walls, immune 
response injuries 


Proteases Damage lung, tissues 
Endotoxin (LPS) Septic shock 
Pyocyanin pigment Damages endothelial cells 


[**Elastolytic activity is similar to the enzyme produced by 
the Ebola virus that dissolves the lining of blood vessels 
and causes the bleeding into tissues-blue color like bruises] 


Important Plants Toxic Factors Effect 

Water insoluble alkaloids producers 

Tansy Ragwort Pyrrolizidine alkaloids Irreversible liver damage 

Common Groundsel ý “: rs = 

Tarweed or Fiddleneck Š s Hard liver disease 

Comfrey £ “ (8+) Liver cancer, fatal 

Piperadine alkaloids 

Poison Hemlock Coniine & others Nervous system, fatal & 
teratogenic 


Pyridine alkaloids 
Tobacco Nicotine Descending paralysis 


of nervous system 
Anabasine Teratogenic 


Indole alkaloids 
Tall fescue 
Cereal grains (fungus) 


Strychnos ignatii 
Quinolizidine alkaloids 


Scotch broom 
Golden chain 


Steroid alkaloids 
Nightshade, green potatoes 
Jerusalem cherry, tomatoes 
Veratrum species 

Death camas 


Ergot alkaloids 
Ergot alkaloids (many) 


Strychnine 


Various toxins 


cc cc 


Solanum 


cc 


Veratrum alkaloids 
Steroid alkaloids 


Polycyclic diterpene alkaloids 


Larkspurs, aconite, monkshood 


Indolizidine alkaloids 
Locoweed 


Red or white clover 


Tryptamine alkaloids 
Reed canary grass 


Tropane alkaloids 
Jimson weed 


Belladonna, Henbane 


Fescue alkaloids 
Tall fescue 


Cumulative toxins 


Slaframine 


Atropine, etc 


Perloline, perlolidine 


Quaternary ammonium compounds 


Strychnos, erythrina 


Cyanogens 


Curare, etc 


Cherries, peaches, apple, etc Cyanide yielding 


Apricot, bitter almonds 
Bracken fern tapioca 


Pulmonary emphysema 
Vasoconstriction 

Elevated blood pressure 
Hallucinogenic (LSD) 
Nervous system convulsant 


Birth defects, fatal 
& pharmacological effects 


Nerve agents 

(cholinesterase inhibitors) 
Teratogenic, vasoconstrictors 
Lethal 


Neuromuscular blocking, 
paralysis 


Addictive, teratogenic, 
Attacks immune system 
Congestive heart failure 
Nerve agent 


Heart failure, nerve agents 


Nerve system-psychotic 
effects, dilate pupils, 
Lethal 


Respiratory effects, 
& gangrene in extremities 
Paralyzing, used in 


arrow & dart tips 


Produces cyanide 
with water (hydrolyze) 


Glucosinolates 
Cabbage, mustard, turnip 


Coumarin 
Sweet clover 


Steroids & triterpenoids 
Garden foxglove 
Oleander 

Milkweed 


Enzymes 
Inhibits blood clotting 


Cardiac glycosides 


Cardenolides 


Nitrogen containing glycosides 


Milk vetch 


Fava bean 


Causes locoism 


Visine 


(Racial groups highly susceptible-see V6-B) 


Cycads 


Weed Cocklebur 


Buttercups 


Isoflavones & Coumestans 


Subterranean clover 


Oxalates 
Diffenbachia 


Halogeton 


Hemaglutinins 
Castor Bean 


Azoglycosides 
Carboxyatractyloside 


Hydroquinone 


Protoanemonin 


Phytoestrogens 


Oxalic acid 


Oxalic crystals 


Ricin 


Damages thyroid, goiters 


Internal hemorrhaging 


Heart acting, fatal 
Lethal 

Lung congestion 

Pupil dilation, 
depression, staggering, 
collapse 


Weakness, convulsions 
Coma & death 


Hemolytic anemia 
Vomiting, fatal 


Carcinogenic, hepatic 
& GI disease 


Depression, nausea 
vomiting, dyspnea, 
hypoglycemia, liver 
necrosis, gallbladder 
edema, coma & death 


Blistering agent like 
mustard gas & lethal 
Inhibits ovulation, 
Decreases fertility 
Burns tissues, toxic 
Burns tissues, toxic 
Clumps red blood 
cells, phytotoxic, one 


of most lethal substances 
known-No antidote 


Rosary bean 


Black locust 


Enzymes 
Bracken fern, horestail 


Kao haole 


Purple mint 


Chick pea 


Flax 
Creeping indigo 
Jack beans, alfalfa sprouts 


Brassica 


Blighia sapida 


Pineapples, bananas, etc 


Glycolipids 
Annual ryegrass 


St. Johns Wort 


Various toxic compounds 
Sleepy grass 


Sneezeweed 


Water hemlock 


Abrin 


Robin 


Thiaminase 


Mimosine 


Tryptophan metabolites 


Lathyrogens 


Linatine 
Indospecine 
Canavanine 


Glucosinolates 


Hypoglycin 


Biogenic amines 


Corynetoxins 


Hypericin 


Diacetone alcohol 


Sesquiterpene 


Cicutoxin 


Vomiting, coma & death 
Anorexia, nausea, paralysis 
diarrhea & death 

Bone marrow damage, 


convulsions & death 


Teratogenic, hair loss 
& eye cataracts 


Pulmonary emphysema 


Skeletal deformities, 
Aortic rupture, paralysis 


Anorexia, convulsions 
Liver damage 
Severe lupus 


Liver, kidney & spleen 
damage, anemia 


Hypoglycemia, vomiting, 
convulsions, coma & death 


Vasoconstrictors, heart 
disease 
Convulsions, spasms, death 


Skin necrosis, skin cancer 


Catatonia 


Vomiting, pulmonary 
Damage, tear gas = 


Violent convulsant, 
Fatal 


White snakeroot 
Pine needles 


Acacia 


Bracken fern fronds 
Blind grass 
Blue green algae 


Poison ivy 


Tremetol 
Diterpene resin acids 


Sodium monofluoroacetate 


30 substances 
Unknown 
Cyclopeptides 


Dermotoxic substances 


Mycotoxins from mushrooms & molds 


Amanita mushrooms 


Cortinarius mushrooms 


Gyromitra mushrooms 


Inocybe mushrooms 


Fly agaric & Panther mushrooms 


Psilocybe mushrooms 


Asperigillus 


Fusarium species 


Fusarium roseum 


Stachybotrys 


Ammatoxins & phallotoxins 


Orellanine 


Monoethylhydrazine 


Muscarine 


Ibotenic acid 
Psilocybin 


Aflatoxins 


Trichothecenes 


Zearalonone 


Stachybotrytoxins 
Saratoxins 


Nausea, ketosis, delirium 
coma & death 
Embryonic mortality 


Cellular respiration 
stopped, lethal 


Induce cancers 
Destroys optic nerves 
Liver damage 


Itching, severe rash 


Liver damage, death 
Destroys kidneys 


Hemolytic & nuerological 
damage, fatal 


Slowed pulse, asthma 
Vomiting, diarrhea 


Hallucinogenic effects 
Strong hallucinogen 


Potent carcinogens, 
Damages immune system 
Cause mutations 


“Yellow rain”, dermotoxic, 
hemorrhage, nervous 
disorders, death 
(Numerous effects) 


Estrogenic toxin 
Damages entire 


digestive tract, blood 
cells 


Claviceps purpurea Ergot alkaloids Blood vessel constrictor 
Causes gangrene 
Hallucinations, convulsions 
(many effects) 


Penicillium Citrin, various toxins Toxic effects, lethal 
Ascending paralysis 


Combination Concepts 


It should be obvious by now that there is virtually no limit to the number of 
possible ways that bacteria genes can be combined with each other and with other 
species. Almost all bacteria produce enzymes to live in their current environment. Any of 
these can be modified to yield potential weapons with new and useful properties. Genes 
for virulence and other factors have been cloned in many cases already and can be 
purchased outright from various laboratories and institutions for insertion via genetic 
engineering. 


Bacteria x Bacteria 


The ATCC catalogue lists many tens of thousands of bacteria and the enzymes 
they produce as well as journal articles pertinent to the bacteria. This is a good source of 
information and “safe” starter organisms. Some of these safe bacteria produce enzymes 
that dissolve blood vessel linings like Ebola but are harmless to people because they have 
not evolved virulence factors and are incapable of infection in their current form. The 
human body can recognize these and destroy them immediately, before they cause harm. 
Modifying any of these with the necessary protective (capsules) and virulence factors is 
possible. 


The most interesting bacteria combinations for genetic exchange the author 
looked at includes the following — 


Anthrax plus just about any other toxin producer. The reason for this is that 
Anthrax produces a spore that makes it long lived and storable. The spore coat permits its 
release into any environment where it will persist for long periods. It also has a capsule 
that is generally not immunogenic in vaccine preparations. The toxin it currently 
produces is the focus of vaccine work today. Almost any toxin can be added to this core 
organism in place of the current toxin or in addition to it. This greatly increases the 
killing power and the simultaneous ability for the anthrax to make more food in its 
surroundings. 


A combination with Corynebacterium species to provide machinery to live in 
mucus would likely make anthrax highly contagious as would comparable combinations 


with Staph and Strep. The ability to form dental plaque (from Strep) would be a definite 
infectious quality because the anthrax would easily live on the food present in the mouth. 
Since it doesn’t produce its current toxin in that kind of environment, it would have to 
spread to the lungs and bloodstream or tissues before killing its host. This may make its 
spread harder to stop. If it doesn’t kill its host it can turn the host into a lifetime carrier 
and spread via airborne routes. 


A combination with Klebsiella genes appears synergistic because Klebsiella 
destroys the alveolar walls that Anthrax first infects. This would give it immediate access 
to the blood stream where it can spread. It would also give it another food supply upon 
entering the respiratory tract and likely increase the effective germination rate (number of 
foci of infection). 


A mix of genes with Cholera to give the anthrax spores the ability to live in 
aquatic conditions (including salt water) so it can feed off of algae and other organics 
without the need for high CO2 is promising. 


A combination with E-coli permitting growth in solid wastes, marginal soils and 
colonizing the human intestinal tract with the appropriate cellular machinery is another 
possibility. 


Clostridium perfringens & other Clostridium 


The family of spore formers lack the machinery to survive in oxygen. Any 
modifications that permit it to do so yields a new class of organisms. These organisms 
would be able to infect any human tissues directly to turn them into food. They cannot do 
so now because of the high O2 content of tissues and atmosphere. A mix with the genes 
of Staphylococci to provide O2 tolerance and live directly on or in skin and tissues like 
the normal bacteria populations makes this class almost unique in its ability to transform 
the planet (planet killers). The staph also confers the ability to clot blood which may be 
helpful in those strains lacking aero-tolerance after modification. 


This type of change is considered both revolutionary and evolutionary since it will 
likely displace most other life forms on the planet by turning them into food. The 
perfringens species is most likely to achieve this since its toxin mix spreads out ahead of 
it destroying tissues and cutting off possible immune responses. A combination with 
Klebsiella could yield the gas gangrene producer a new food supply in the lungs causing 
damage to the alveoli and permitting spread of the Clostridia to all parts of the body 
shortly after infection. 


Corynebacteria 


This organism infects people worldwide even without its toxin and many humans 
are long term carriers via dermal and respiratory routes for it. It causes disease when a 
phage infects it and turns on its toxin production. The addition of an alternative toxin will 


yield a new and effective species. (Combining it with many species in combination bell 
curve weapons could yield many new types in a single event). 


Staphylococcus 


Since this organism already inhabits the human body, modifying with genes that 
interfere with the immune response is an obvious approach. Staph increases toxin 
production with increased CO2 levels (in which oxygen is cut off). Those organisms with 
machinery and toxins that injure surrounding tissues immediately and cut off blood flow, 
or supply fresh blood that the staph can clot (such as C. perfringens) would work well in 
this concept. 


Streptococcus 


The species that forms bio-films (dental plaque) holds a unique niche and can 
serve as a platform for a staggering array of possible weapons. They can be modified to 
produce toxins that make better food for the bacteria in the mouth environment. These 
toxins can also be specific for the persons genetic type as an individual, a family, an 
ethnic group or an entire race. This is also a communicable platform that would easily 
spread and is tough to eliminate. (Scientists have been trying to get rid of dental plaque 
for centuries). 


Strep produces a huge array of toxins and disease. Adding various virulence 
factors and new toxins will expand these capabilities, in some cases putting them beyond 
the reach of antibiotics. [This idea is that organisms can infect an area, cut off the blood 
supply to the area and then the antibiotics and immune processes can no longer reach the 
infection sites making them useless. | 


Adding strep genes for M proteins that allow colonizing of the pharynx will 
endow many bacteria species with the ability to become contagious as well as colonize 
and live away from many of the immune defenses that they are susceptible to. 


Cholera 


Cholera does not invade the body beyond the intestinal tract. Modifying it with 
invasiveness genes and/or additional toxins would create new super weapons that would 
persist in environments that cholera is endemic in now and make it a strong depopulation 
weapon. 


Neisseria gonorrhoea 


Combined with any other infective organism yields new possibilities. This species 
changes its external antigens regularly which makes it an exceptional organism. It is 
largely confined to transmission sexually or in close physical contact. By adding 
virulence, invasiveness and toxic producing genes, it will yield new weapons that the 


bodies immune system cannot identify and that vaccines will simply not work on. This is 
a wild card that may produce many unexpected new properties. A combination with 
anthrax would be interesting and may yield a much more effective organism even without 
its toxin. Anthrax can already invade but without a toxin it eventually is defeated by the 
host immune system. By enabling it to change its surface antigens, its infection may 
persist indefinitely. This will hold true of all organisms that are modified with these 
genes. The reverse of simply adding anthrax (or other) toxin to this form of VD would 
make it nearly universally fatal effecting the sexually active segments of society. 


Mycoplasma 


These intracellular parasites are obvious candidates for any cellular machinery 
that speeds their growth. Contagious and systemic toxin genes would make these 
weapons more effective. They are an ideal platform for long term disease because they 
persist inside of cells and spread inside the host slow enough to insure effective spread 
through the local populations. 


By transferring its own genes for intracellular invasion to other organisms like E- 
coli (which has already been done in tissue culture medical experiments), new infective 
mycoplasma equivalents can be produced. Imagine tuberculosis that can live in the 
intestinal tract or has the increased ability of anthrax to invade beyond the alveoli. The 
use of a slower toxin such as one that causes cancer would be most effective in these 
designs (so the host doesn’t expire before spreading the infection). 


Bacteria x Plant cells 


Plant cells have the ability to grow entire new organisms (plants) with new genes 
inserted into them. This permits the creation of new crops that can be harvested which 
produce new substances. This is already widely practiced in the United States and other 
modern countries. In this case, the plant cells are modified with toxin genes from bacteria 
which permit their mass production as a crop. These can be harvested and stored for use 
like other crops. The obvious weapons applications is the mass production of specific 
toxin and then harvesting and purifying it for weapons use. 


An alternative is the modification of a plant that can grow in targeted areas like 
lakes and streams and effectively poison them as they grow and release their enzyme 
products. Plants that only grow in target areas are the best candidates for this type of 
modification. They poison the area with the toxin and its degradation products destroying 
other crops and the ecosystem. In some instances they would make the area 
uninhabitable. An example would be the botulinum toxin mass produced by a common 
weed or grass that poisons any animals that nibble on the tiniest amount of its leaves. As 
the plant dies off (in winter), it releases the deadly toxin in massive amounts to the wind. 
Eventually deadly levels may accumulate in the soil killing off other intolerant plants and 
the areas inhabitants. The use of aquatic vegetation to produce botulinum toxin is an 
obvious strategy for the mass long term poisoning of water supplies (lakes and streams) 
or targeted populations. 


Transferring plant genes to a desired bacteria is also an effective possibility. The 
ricin toxin produced in castor beans has no antigens or anti-toxin and there is no cure. It 
is an ideal toxin for custom made bacteria to produce and deliver inside targeted hosts. 
The specific gene for ricin can easily be transplanted into any bacteria of choice. The 
plant kingdom has a huge array of possibilities as you can see from the short list 
presented earlier in this chapter. Many toxins target specific groups of people, cause 
cancer, attack body tissues in unique ways and cause other effects that may be desired. 


The insertion of psychotropic drug yielding genes is among the most 
interesting and has been the subject of military and CIA study since the 1960’s. 
The most obvious weapons concept is to be able to make a targeted army or area 
“crazy” or incapable of defending itself without killing them so that the army can 
move in and take over with little or no resistance. Bacteria that yield LSD and 
various ergot pharmaceuticals could accomplish this. The bacteria would infect 
the targets, making them helpless until their bodies fought off the infection, In 
several days the effects wear off and they wake up with a new government and 
are effectively disarmed (unless they know how to do this as well). 


An interesting possibility is the inclusion of the poison ivy rash causing 
molecule into a persistent skin colonizer like staph. The host would never be able 
to evade continuous exposure to the toxin and would slowly become debilitated 
by his own immune response. This effect may be lethal over time. 


Bacteria x Molds 


Molds toxins are among the deadliest known. The cancer causing toxins such as 
aflatoxin B1 can be combined in a bacteria like avirulent anthrax causing cancer via long 
term exposure without quickly killing the host. The spores can be distributed throughout 
the targeted area without causing immediate effects. No one knows that they have been 
attacked until months later when they die of cancer by the thousands (or millions). The 
target area then becomes uninhabitable until the spores die off or a new cure is found. 


By using bacteria that infect and grow without causing obvious disease is the best 
choice. Even a mild disease or infection is satisfactory because the damage can be done 
in a matter of hours or days via the initial infection, growth and spread of the new toxin 
into the tissues. It may be completely unnoticed. The example is a mass outbreak of staph 
ot strep in the middle of winter. By summer, they all begin die off of the cancer causing 
effects (all needing liver transplants in the case of B1). This allows covert attack on 
enemy military bases without anyone knowing they have been attacked for months. 


Some molds produce infective and contagious spores themselves (coccidioides 
immitis-page 128 V-6C) or yield persistent infection like athletes foot. These can be 
modified with various bacteria genes for increased virulence or dermotoxic compounds. 
In the case of athletes foot, instead of itching, the modified strain destroys the skin areas 
as it feeds on the cells via dermal necrosis. This clears the way for a variety of other 


infections. If the mold can use the underlying tissues as well, it creates a new category of 
disease. 


The ideal weapon of this type is one in which fusion has combined a deadly mold 
and bacteria. The new organism is released on a target population destroying it. The 
genes for the fused combination slowly eliminate one of the donors chromosomes and 
lose their new virulence. The weapons cell line becomes less effective and “dies off’ over 
time. The area can then be inhabited safely. 


Bacteria x Human cell lines 


This has already been mentioned and can yield weapons currently seen only in 
science fiction. A donor cell from an individual can be modified so that the new cell has a 
human coating which protects it from that individuals immune response. The bacteria 
machinery inside reproduces itself and produces a lethal toxin that kills the host. 


There are thousands of cell types. Some have genes and antigens unique only to 
the individual donor. Some have antigens which apply to the targets close relatives. 
Others will have antigens that are not recognized inside their own ethnic group and even 
entire races have specific surface proteins that their bodies will collectively not fight back 
against. 


This branch of weaponry is an entire field unto itself. It permits the specific 
targeting of individuals and groups using their common surface antigens for protection. 


Bacteria x Virus 


Virus weapons have many advantages over bacteria. They are universally 
contagious and antibiotics do not work against them. The author plans a book on virus 
weapons but the main concepts here involve the modification of viruses with new 
bacteria toxins inserted in them. Flu, cold and other mild virus infections can be modified 
with toxin producing instructions. Once the virus multiplies in a host, the virus copies 
also have the new toxic enzyme property that injure the host tissues. Ebola is deadly only 
because it has an enzymatic effect on blood vessel linings. Any virus can be modified in a 
similar manner. 


Certain populations are more susceptible to specific viruses than others. These can 
be selectively targeted in a manner similar to that described for human cell lines. 


Physical Weaponizing Methods 


Bacteria must be storable (at least master samples to grow from) in some form in 
order to be useful. This is accomplished in military weapons via the use of spores in the 
case of anthrax. If the organism you wish to use does not have spore forming machinery, 
it can be given the spore forming genes from anthrax, clostridium or coccidioides mold. 


Most bacteria are freeze dried for storage and later use. This is done not only in 
the military, but in laboratories all over the country as well. The drawing below illustrates 
a typical freeze drying chamber. The bacteria are placed in a container in a pan. The air is 
pumped out while the bacteria are chilled by dry ice. The result is freeze dried cells. This 
method often eliminates clumping together of cells so that they disperse as tiny individual 
cells which is used in weaponizing anthrax spore weapons. If the cells still bind together, 
they grind much more easily in the freeze dried form. 


Double-vial Method of Freeze-drying (A) Vacuum gauge; 
(B) vacuum pump; (C) condenser; (D) reservoir filled with dry ice and 
Cellosolve; (E) plastic plate; (F) stainless-steel pan filled with crushed 
dry ice and Cellosolve; (G) specimen. 


A similar method using pans filled with dry ice is also commonly used and is 
illustrated below. 


Manifold Method of Freeze-drying (A) Vacuum gauge; (B) 
vacuum pump; (C?} condenser: ID! reservoir filled with dry ice and 
Cellosolve; (E) specimen vial: (F| stainless-steel pan filled with crushed 
dry ice and Cellosolve; IG} manifold 


Bell Curve Weapons Concepts 


We earlier described the concept of bell curve weapons. The general idea is that a 
wide variation of cell types are produced by mutation or other methods. These have many 
different properties and those with the best growth and infective characteristics are those 
that successfully do so in a target population. The idea is to produce the many variants 
and then release them letting the targets act as the screening method for the most 
effective cell lines. These can be recovered from the infected individuals (or cadavers). 


Ordinary bacteria can be made deadly by simply mass producing them and letting 
nature yield the effective mutants as the army did off the west coast of San Francisco in 
the 1970’s. Some of the bacteria will fit into the “highly effective” end of various bell 
curves and these bell curves overlap a corresponding bell curve of human susceptibility 
for the target population. Wherever these bell curves meet in the distribution area, you 
have successful infection. In the case of anthrax where the capsule gives it nearly 100% 
protection against host defenses, the bell curve will be approximately equal to the 


germination rate in all affected individuals. In less effective bacteria, the bell curves 
overlap less and the weapon is less effective. 


By using combinations of virulence genes, effective contagious weapons can be 
developed. In this case it does not matter if the bell curves have a large overlap. Only one 
bacteria cell that is successful inside a host is necessary. The host becomes the 
manufacturing plant as the new bacteria species or strain spreads affecting all others that 
fit its properties. Its own new bell curve of infectibility and susceptibility is the only one 
which applies here. 


Some bacteria grow poorly in artificial culture media or the soil may find its 
biological niche in humans. If a mutation takes place in the soil that causes this, the 
bacteria often die in the soil without reproducing because it is outside its niche (or soil 
bell curve). In a human host, the biology changes everything. This is often seen in 
mutated strains that become obviously superior in animal tests but quickly die off lacking 
a living animal host. These are the useful parts of the bell curve weapons and are often 
missed in laboratories that examine them only for a specific change rather than potential 
effective combinations of changes. 


All forms of modification can be used to yield true bell curve weapons. Mutation 
was already described in this context but it has the limitations of only being able to 
modify genetic machinery that the bacteria already have inside them. 


Fusion, conjugation, transformation and the other methods described will permit 
bacteria to acquire new genes and the corresponding biological machinery. Individual 
cloned genes can be obtained from various institutions for insertion directly. These can 
simply be added to the mix of bacteria under the appropriate conditions. 


A process for home-made bell curve weapons can be described as follows — 


1. Obtain the bacteria to be modified. If the operator is unable to learn the basic 
biology taught in all these manuals then unknown bacteria with potential 
weapons properties can be obtained from manure samples, hospitals, ill 
individuals and selected soil samples. 

2. The samples can be grown on plates or in soups with calcium chloride added 
at levels of .01 to .5% (experimentation is necessary). 

The calcium chloride causes the cell membranes to become more porous and 
permits the exchange of genes from its surroundings. 

3. Some cells will pick up the desired genes and incorporate them into their own 


chromosome. 
3. The entire mixed sample can be used in direct release weapons, 


It is obvious that the above procedure can be improved upon by using selected 
strains, professional media, specific lab procedures and so on. These have already been 
described. In the field, many of these are not available to the soldier so improvisation 


becomes necessary. The weapons can be delivered as multiplier effects weapons in forms 
that can be safe for the handlers (see V-6D). The ideal concept is to have an already 
developed and tested strain that can be delivered to an entire army of bio-warriors 
overnight. 


To yield selected genes from one organism and transfer them to another, you take 
the first bacteria with the desired genes, grow large numbers of it and then kill the cells 
and cause them to lyse releasing their genes into the surrounding pool. This solution is 
then mixed into a grown bacteria culture that you wish to insert them into. The bacteria 
will take in the new genes in the various combinations and some cells may have the ideal 
mix. The likelihood of this happening increases with increased sample sizes. These can 
then be tested in animals for the desired properties and then recovered for weapons 
production and use. 


In genetic engineering, the desired genes are cloned and mass produced. Instead 
of a mix of genes from one the bacteria, you have only the desired one. This also 
increases the numbers in your favor. 


In 2001, a team of Canadian scientists tested a non-lethal powder similar to the 
anthrax that was used to attack the US senators. At a dose of 1/10" of a gram released in 
a 10 x18 foot room, occupants inhaled 480 times the lethal dose for anthrax in 10 
minutes. It a gram dosage, the occupants received 3,080 times the lethal dose. This 
illustrates how easy it is to produce massive doses necessary for effective weapons. 


In the case of the senate attacks, the senators knew they were exposed and 
everyone received massive doses of antibiotics immediately to ward off infection. Had 
the doses been distributed in tiny amounts and mass delivered at levels below the 
threshold of attack, their would have been no immediate treatment and the origins may 
have never been identified (thrown away and taken to a landfill before discovery). This 
also commends the preparations of mutated or modified strains that have various 
antibiotic resistance. This insures that one susceptible strain is not crucial. Other resistant 
strains will take its place once the antibiotic regimen takes effect. The use of combined 
organisms, one of which causes damage that cuts off the blood flow and immune 
responses, is also synergistic. 


Surprise attack always confers special benefits to the attacker (like Pearl Harbor). 
These types of bio-weapons will always confer surprise because there is no limit to the 
possible types of combinations that can produced. They can be delivered anywhere easily 
disguised and are invisible. Had the powder used in the senate attack been distributed by 
letting it drain into a car exhaust (via a funnel) while driving around the senate building, 
the effect would have been far greater and the source would have been unknown. 


In conclusion, the author wishes to finish with a simple anecdote. At a gun show 
in January 2002 in Atlanta, three kids came up and wanted to buy my CD. They were not 
interested in bio-weapons. They were mainly interested in pipe bombs and related 
explosives so I talked to them about it. Three years earlier, I had worked on the concept 


of using gasoline as a fuel air explosive. Getting it mixed into the air via atomization or 
evaporation in the right amounts for detonation was a problem. The initiator in this 
system was electrical and in the simplest case is accomplished by using a spark plug and 
wire running from a coil for an automobile. In the middle of my conversation, I realized 
that the ultrasonics used in humidifiers to atomize a fog of water could be used here. I 
had published its use in dispersing biological weapons as part of the humidifier vapor. In 
this case, I suddenly realized that it would aerosolize and evaporate gasoline. This solves 
a major material handling problem and puts large scale fuel air explosives based on 
gasoline into the hands of everyone. 


The lesson is that you never know what new ideas can be combined and used in 
the future. That is why understanding basic sciences is so important. Even useless 
knowledge can sometimes be converted to potentially great power. In this context, all 
knowledge is power and this power can be used to balance the power held between 
governments, their armies and police, and ordinary citizens like you and I. 


Enjoy! 


